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Fluid accumulation is associated with adverse outcomes in
critically ill patients. Here, we sought to determine if fluid
accumulation is associated with mortality and non-recovery
of kidney function in critically ill adults with acute kidney
injury. Fluid overload was defined as more than a 10%
increase in body weight relative to baseline, measured in 618
patients enrolled in a prospective multicenter observational
study. Patients with fluid overload experienced significantly
higher mortality within 60 days of enrollment. Among
dialyzed patients, survivors had significantly lower fluid
accumulation when dialysis was initiated compared to non-
survivors after adjustments for dialysis modality and severity
score. The adjusted odds ratio for death associated with fluid
overload at dialysis initiation was 2.07. In non-dialyzed
patients, survivors had significantly less fluid accumulation at
the peak of their serum creatinine. Fluid overload at the time
of diagnosis of acute kidney injury was not associated with
recovery of kidney function. However, patients with fluid
overload when their serum creatinine reached its peak were
significantly less likely to recover kidney function. Our study
shows that in patients with acute kidney injury, fluid overload
was independently associated with mortality. Whether the
fluid overload was the result of a more severe renal failure or
it contributed to its cause will require clinical trials in which
the role of fluid administration to such patients is directly
tested.
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Despite progress in the delivery of intensive care and dialytic
support, there has been relatively little improvement in the
survival of patients suffering from acute kidney injury (AKI)
over the last three decades.1 In critically ill patients with AKI,
mortality rates range from 50 to 70% and have usually been
attributed to multiple complications related to AKI, such as
infections, bleeding, and fluid overload.2,3
Ample recent data have highlighted the role of fluid
accumulation on adverse outcomes in critically ill patients.
Randomized clinical trials have shown that restrictive fluid
management strategies are beneficial in acute respiratory
distress syndrome and following major surgery in terms of
duration of mechanical ventilation and cardiopulmonary
complications, respectively.4,5 Observational studies in pe-
diatric populations undergoing continuous renal replacement
therapy (CRRT) have shown an association between fluid
accumulation and mortality.6–9 Fluid accumulation has also
been associated with long-term dialysis dependence in one
study involving 30 patients at a single center.10
The Program to Improve Care in Acute Renal Disease
(PICARD) began as an observational study of 618 critically ill
patients with AKI from five academic medical centers in
North America. PICARD was designed to identify demo-
graphic, clinical, and process of care factors associated with
favorable and adverse outcomes after AKI.11 We hypothesized
that fluid overload would be associated with mortality
and non-recovery of kidney function in critically ill patients
with AKI.
RESULTS
Demographics, past medical history, severity of illness scores,
and clinical and laboratory values stratified by the presence
or absence of fluid overload are included in Table 1. APACHE
III scores and the number of failed organ systems, sepsis, and
ventilator requirements were significantly higher in patients
with fluid overload than in those without.
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Fluid status and mortality
Mortality at 30 days (37 vs 25%, P¼ 0.02), 60 days (46 vs
32%, P¼ 0.006), and at hospital discharge (48 vs 35%,
P¼ 0.01) was significantly higher in patients with fluid
overload (that is, percentage fluid accumulation 410%).
Fluid-overloaded patients had a higher risk of death early in
the course and the difference in survival was maintained over
60 days (Figures 1a and b).
We assessed the association of fluid accumulation with
mortality at different time points. In all patients, the
percentage fluid accumulation at AKI diagnosis was lower
in survivors than in non-survivors (4.9±8.4 vs 7.1±9.1%,
P¼ 0.01); however, this difference was not significant after
adjustment for APACHE III score (P¼ 0.12). In patients
requiring renal replacement therapy (RRT), survivors had a
significantly lower mean percentage fluid accumulation at
dialysis initiation and cessation compared with non-survivors
(8.8 vs 14.2%; po0.001 and P¼ 0.01 after adjustment and
13.0 vs 22.1%; P¼ 0.002 and P¼ 0.004 after adjustment,
respectively). The OR for death associated with fluid overload
at dialysis initiation and adjusted for severity of illness and
dialysis modality was 2.07 (95% CI 1.27–3.37). In non-
dialyzed patients, the percentage fluid accumulation at AKI
diagnosis was lower in survivors than non-survivors
(3.9±7.0 vs 8.5±9.1%; P¼ 0.01 and P¼ 0.05 after adjust-
ment for APACHE III) and the adjusted OR for death
Table 1 | Patients’ characteristics at the time of acute kidney injury diagnosis based on fluid overload statusa
Variable AKI diagnosis in absence of fluid overload AKI diagnosis with fluid overload P-value
Demographics:
Age (years) 59.9 58.2 0.34
Male 59% 61% 0.83
Dry weight (kg) 82.4 76.9 0.03
Race
Caucasian 80% 85% 0.26
African American 8% 7% 0.62
Hispanic 6% 4% 0.35
Asian/Pacific Islands 4% 4% 0.95
Other/Mixed Race 2% 1% 0.65
Comorbidities:
History of CKD 31% 21% 0.06
Surgery prior to or/on ICU admission day 35% 53% 0.0004
History of hypertension 53% 44% 0.09
History of diabetes mellitus 31% 21% 0.04
History of COPD 16% 16% 0.97
History of liver disease 20% 19% 0.91
History of heart failure 30% 22% 0.09
History of coronary artery disease 39% 34% 0.31
Clinical measures at AKI diagnosis
Systolic BP (mmHg) 116 111 0.07
Diastolic BP (mmHg) 58 58 0.87
Mean arterial pressure (mmHg) 78 76 0.43
Temperature (1C) 37.0 37.1 0.61
Heart rate 93 101 0.004
Median urine output (ml) 950 738 0.04
Oliguria (p400ml/day) 26% 30% 0.55
Creatinine (mmol/l) 256 194 o0.0001
Blood urea nitrogen (mmol/l) 20.0 15.7 0.0003
pH 7.36 7.33 0.07
Potassium (mEq/l) 4.6 4.6 0.07
FiO2 45% 52% 0.03
Leukocyte count (1000/mm3) 13.5 14.9 0.20
Hemoglobin (g/l) 106 101 0.09
Severity of illness:
APACHE III score 79 90 o0.0001
SOFA score 6.7 8.7 o0.0001
Number of organ failures 2.6 3.2 0.0002
Central nervous system failure 19% 20% 0.84
Liver failure 27% 36% 0.09
Hematologic failure 25% 34% 0.12
Cardiovascular failure 50% 52% 0.66
Respiratory failure 55% 86% o0.0001
On ventilator 32% 65% o0.0001
Sepsis/septic shock 22% 39% 0.0005
AKI, acute kidney injury; APACHE, Acute Physiology and Chronic Health Evaluation; BP, blood pressure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary
disease; FiO2, inspired oxygen fraction; ICU, intensive care unit; SOFA, Sequential Organ Failure Assessment.
aFluid overload defined as fluid accumulation 410% of baseline body weight.
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associated with fluid overload at AKI diagnosis was 3.14
(95% CI 1.18–8.33). The percentage fluid accumulation at the
first peak in serum creatinine was significantly lower
in survivors compared with non-survivors (4.5±9.4 vs
10.1±13.4%; P¼ 0.003, P¼ 0.03 after adjustment for
APACHE III). The adjusted OR for death associated with
fluid overload on the first day of peak creatinine attainment
was 1.36 (95% CI 0.58–3.19). These results were consistent
when using either the percentage fluid accumulation adjusted
for body weight or the absolute fluid accumulation in liters
(data not shown).
Progression and duration of fluid accumulation
Next, we assessed the association between the progression
and duration of fluid accumulation and mortality. Patients
who remained with fluid accumulation during their hospi-
talization had a higher mortality rate that was proportional
to the degree of fluid accumulation (Figure 2). There was an
incremental increase in mortality in patients with a higher
proportion of days with fluid overload after AKI diagnosis
(Po0.0001). In addition, in dialyzed patients, mortality
increased in relation to the proportion of dialysis days with
fluid overload (Po0.0001) (Figure 3). In patients with fluid
overload at dialysis initiation, those who ended dialysis
without fluid overload (that is, percentage fluid accumula-
tion p10%) were less likely to die than those who still had
fluid overload at dialysis cessation (35 vs 56%; P¼ 0.0002).
Patients on continuous renal replacement therapy were more
likely to reduce the percentage of fluid accumulation
compared with patients treated with intermittent hemo-
dialysis (Figure 4). The adjusted OR for death associated with
fluid overload at dialysis cessation was 2.52 (95% CI
1.55–4.08).
Recovery of kidney function
Fluid overload at AKI diagnosis was not associated with
recovery of kidney function (47% in non vs 40% in fluid
overloaded; P¼ 0.24) and neither did fluid overload at
dialysis initiation influence dialysis independence at hospital
discharge (41 vs 32%; P¼ 0.21). However, patients with fluid
overload at peak serum creatinine (median days after AKI
diagnosis 4, interquartile range 1–11) were less likely to
recover kidney function (35 vs 52%; Po0.001 and P¼ 0.007
after adjustment for APACHE III score).
DISCUSSION
In critically ill patients and in patients with AKI, fluid
accumulation has been shown to worsen prognosis.4–9 In
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Figure 1 |Cumulative probability of survival by fluid overload
status. (a) Kaplan–Meier survival estimates by fluid overload
status at dialysis initiation. There was a significant difference in
survival among patients with or without fluid overload at dialysis
initiation (P¼ 0.005). (b) Kaplan–Meier survival estimates by fluid
overload status at AKI diagnosis in non-dialyzed patients. There
was a significant difference in survival among patients with or
without fluid overload (P¼ 0.04).
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Figure 2 |Mortality rate by final fluid accumulation relative to
baseline weight and stratified by dialysis status.
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Figure 3 |Mortality rate by categorical percentage of dialysis
days with fluid overload. The first column represents patients
without fluid overload, and the others, patients witho50,X50%,
and 100%, respectively, of their dialysis days with fluid overload.
The P-value for the linear trend is o0.001.
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adult patients, Van Biesen et al.12 found that septic patients
with AKI had higher central venous pressure and an
increasing need for oxygen compared with those without
AKI. No data on mortality were reported. In another recent
study, Payen et al.13 found an inverse relation between fluid
accumulation and survival among 1120 patients with sepsis-
related AKI, defined as a creatinine 4309 mmol/l or urine
outputo500ml/day. Mean daily fluid balance was
0.15±1.06 l/24 h in survivors compared with 0.98±1.5 l/
24 h in non-survivors. This association was evident only in
patients with AKI occurring within 2 days of intensive care
unit admission (0.14±1.05 l/24 h vs 1.19 l/24 h; Po0.001).
Additional data supporting these findings are provided
from small retrospective pediatric studies in dialyzed
patients.6,7,9 Goldstein et al.7 reviewed charts from 21
pediatric patients undergoing CRRT. The degree of percen-
tage fluid accumulation at RRT initiation among survivors
was 16.4±13.8% compared with 34.0±21.0% in non-
survivors (P¼ 0.03). This association remained significant
after controlling for severity of illness. The mean percentage
of accumulated fluid removed by RRT did not differ among
survivors and non-survivors. In another study, Foland et al.
found that median percentage fluid accumulation before
hemofiltration was significantly lower in survivors (7.8% vs
non-survivors 15.1%; P¼ 0.02).6 Gillespie et al. found that
children treated with CRRTwho had fluid overload at dialysis
initiation (using the same definition we applied) experienced
a threefold increase in the risk of death compared with those
with lower or no fluid overload (OR 3.02, 95% CI 1.50–6.10,
P¼ 0.002).9 Only one multicenter prospective study has
assessed the relation between percentage fluid accumulation
and survival.8 The results were comparable to those from
previous studies, with the percentage fluid accumulation at
CRRT initiation being significantly lower in survivors vs non-
survivors (14.2±15.9 vs 25.4±32.9%; Po0.03) even after
adjustment for severity of illness. One retrospective study, in
pediatric patients who received stem cell transplantation and
developed AKI, suggested that survival may be improved by
an aggressive use of diuretics and early initiation of dialysis.14
All survivors (n¼ 11) maintained or remained with percen-
tage fluid accumulation o10% with diuretics and RRT.
Among the 15 non-survivors, only six (40%) had percentage
fluid accumulation o10% at the time of death.
In our study, we found that fluid overload was
independently associated with mortality, with or without
the requirement of dialysis. The association between fluid
overload and mortality was highly significant even after
adjustment for severity of illness and the need for dialysis.
Patients with fluid overload had lower urine outputs, lower
serum creatinine, and BUN at AKI diagnosis, as well as a
higher incidence of ventilator-requiring respiratory failure.
One of the key features of our study is the recognition that
fluid accumulation resulting in a positive fluid balance is a
frequent event in critically ill patients with AKI. Although it
is difficult to ascertain the events leading to fluid accumula-
tion, the higher incidence of sepsis, surgery, and multiorgan
failure constitutes settings in which more fluid is typically
administered for resuscitation. In our study, we have made a
distinction between fluid accumulation and fluid overload.
We have chosen the term fluid accumulation to specify
conditions when there is a positive fluid balance and
stratified the data to delineate a fluid accumulation of
410% as ‘fluid overload’ because prior studies had shown
that a 10% fluid accumulation was associated with adverse
outcomes in other clinical settings. In the Payen et al.13 study,
the association between fluid accumulation and mortality
was significant in patients with ‘early’ AKI (within 2 days),
suggesting that resuscitative strategies could be contributory.
Our data provide additional insight into the possible effect of
fluid accumulation on outcomes. The progression, duration,
and correction of fluid overload emerge as important
attributes associated with mortality. Patients who continued
to have fluid accumulation through their hospital stay were
more likely to die. The duration of fluid overload while
remaining on dialysis was similarly associated with increased
mortality, suggesting a cumulative effect of fluid overload on
mortality. Mortality was lower when fluid overload was
corrected by dialysis. Whether this reflects a therapeutic effect
of ultrafiltration or better outcomes in patients who were able
to be ultrafiltered is unknown. Finally, patients who required
dialysis and were treated with CRRT were more likely to
correct fluid accumulation than those treated with inter-
mittent dialysis. Cumulative fluid overload may also be
associated with a decreased likelihood of renal recovery. This
finding is in opposition to the common belief that fluid
accumulation somehow ‘protects’ the kidneys.
This study has several strengths. We included patients
from five different centers across the United States with
different demographics and clinical conditions, increasing the
generalizability of our results. Our population included
patients with and without sepsis, requiring and not requiring
dialysis, and all patients had detailed data on the progression
of fluid accumulation during hospitalization, which expands
on findings from previous studies. There are also important
limitations. First, patients or their proxies were required to
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Figure 4 | Fluid accumulation over time in patients on
continuous renal replacement therapy and on intermittent
hemodialysis.
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sign informed consent and only patients for whom a
nephrology consultation was obtained were included. There-
fore, our sample was limited to those patients who were
recognized as having AKI and for whom a nephrologist was
consulted.11 Second, although we recorded fluid balance 3
days before nephrology consultation, a longer observation
period could have provided more detailed data on the time
course and sequence contributing to fluid overload. We could
not correlate the calculated fluid balance with invasive
measures, such as central venous pressures or pulmonary
capillary wedge pressures, because these were only infre-
quently obtained and for minimal duration. Although we
showed that the associations among fluid overload, mortality,
and recovery of kidney function were significant after
adjustment for severity of illness (using APACHE III or
SOFA), as with all observational studies, there was likely
residual confounding for which we could not adjust. Finally,
the positive cumulative fluid balance could have resulted in
delayed recognition of AKI, owing to dilution of serum
markers of kidney function (BUN and creatinine), which
might have also influenced overall prognosis.15
Although our study is observational and has important
limitations, it is important to highlight the association of
fluid overload with mortality in AKI. Other studies in
critically ill patients have provided similar information
suggesting that fluid overload may have a causal association
that might in some manner mediate the adverse outcomes.
To determine causality between a risk factor and an adverse
event, several conditions are needed, such as a temporal
association, a strong dose–response relationship, biological
plausibility, and replication of the findings.16 Several of these
conditions appear to be met with respect to the association of
fluid overload with outcomes; however, additional prospec-
tive studies are required to further establish a causal
mechanism.
In summary, we have shown an association between fluid
overload and mortality among critically ill patients with AKI.
Moreover, the magnitude, progression, duration, and rever-
sibility of fluid accumulation also play a role. Our study
expands on prior knowledge by providing insight on the
importance of cumulative fluid accumulation in terms of
degree and duration. Fluid overload may also be associated
with a decreased likelihood of renal recovery. To assess
whether fluid overload is an important causal contributor to
mortality or non-recovery of kidney function, prospective
randomized clinical trials comparing the results of different
fluid administration strategies in patients with AKI are
required.
METHODS
Study participants
From February 1999 to August 2001, all patients who underwent a
consultation for AKI in the intensive care unit of five academic
medical centers were evaluated by PICARD study personnel for
potential study participation. A complete description of PICARD
data elements, data collection, and management strategies has been
published earlier.11 In PICARD, AKI was defined as an increase in
serum creatinine X44 mmol/l when baseline serum creatinine was
o133mmol/l or an increase in serum creatinineX88 mmol/l when
baseline creatinine was X133 mmol/l and lower than 442 mmol/l.11
Baseline creatinine was defined as the closest value within 6 months
of hospital admission. Exclusion criteria included age o18 years,
prisoners, pregnant women, serum creatinine 4442mmol/l, pre-
vious dialysis, kidney transplantation, AKI from urinary tract
obstruction, and hypovolemia responsive to fluid. Fluid manage-
ment, dialysis parameters, and all other interventions were
determined by the attending physicians and not influenced by the
study personnel. The institutional review board at each site
approved the study protocol. Informed consent was required from
all study participants or their proxy.
We included 610 patients (99%) who had complete data and,
among these, the 396 (65%) who required RRT during their initial
nephrology consultation. Detailed fluid intake and output data were
available in 353 of 396 (89%) patients who required dialysis. In non-
dialyzed patients, data were available in 189 of 214 (88%) patients.
Definition of percentage of fluid accumulation
All available intake and output data from 3 days before nephrology
consultation until hospital discharge were included in the analyses.
We computed fluid balance for each day using the sum of daily fluid
intake (L) from which we subtracted total output (L). To quantify
cumulative fluid balance in relation to body weight, we used the
following formula: (S daily (fluid intake (L) – total output (L))/
body weight (in kilograms)) 100. We used the term ‘percentage of
fluid accumulation’ to define the percentage of cumulative fluid
balance adjusted for body weight. Baseline body weight was based
on initial hospital admission weight. We arbitrarily defined fluid
overload (a discrete exposure variable) as a percentage of fluid
accumulation410% over baseline weight at hospital admission. We
chose this cutoff point because this value was used in a similar study
of pediatric AKI.9 In companion analyses, we explored outcomes
among persons with fluid accumulation 415 and 420% above
baseline.
Duration of fluid overload
For each patient, the earliest date on which he or she met the criteria
for AKI was identified and designated the AKI diagnosis date. For
94% of patients, this was prior to or on the day of consultation.
Patients were categorized as fluid overloaded or not based on their
fluid balance at AKI diagnosis and at first peak serum creatinine in
non-dialyzed patients. In patients requiring dialysis, we assessed the
fluid status at AKI diagnosis, dialysis initiation, and dialysis
cessation. For patients requiring multiple episodes of RRT, only
the first course of dialysis was analyzed. The duration of fluid
overload (total number of days with 410% of body weight) was
computed for all patients through their hospital stay.
Recovery of kidney function
Complete recovery of kidney function was defined as a serum
creatinine level p44mmol/l or p20% above the baseline value. In
patients who required dialysis, partial recovery of kidney function
corresponded to dialysis independence at hospital discharge.
Statistical analyses
Continuous variables were expressed as mean±s.d. or median and
interquartile range and compared using the Student’s t-test or
Wilcoxon’s rank sum test where appropriate. Categorical variables
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were expressed as proportions and compared with the w2 or Fisher’s
exact test where appropriate. We examined the time to death within
60 days of intensive care unit admission using the Kaplan–Meier
product limit estimates and compared survival curves using the
log-rank test. For patients who received dialysis, we performed
multivariable analysis with survival as the dependent variable and
Acute Physiology and Chronic Health Evaluation III (APACHE III)
score and initial dialysis modality as independent variables. For non-
dialyzed patients, we adjusted only for APACHE III score. Results
obtained by adjusting for APACHE III score were similar to those
published earlier.17 We conducted parallel analyses adjusting for the
Sequential Organ Failure Assessment (SOFA) score, without the
renal component, and the results were not appreciably different.
All statistical tests were two-sided and Po0.05 was considered
significant. Statistical analyses were conducted using SAS 8.2 (SAS
Institute, Cary, NC, USA).
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